Several areas within the Lake Simcoe watershed, Canada, are experiencing rapid urban development. The construction of new homes and businesses is frequently associated with elevated rates of soil erosion stemming from land clearing and grading activities. During development, rates of soil erosion can climb to levels that are typically 200 times above background conditions, with the eroded sediments entering waterways and causing harm to the biota living therein. This is a serious challenge for the communities around Lake Simcoe because the transport of sediment has previously been identified as a contributor to the eutrophication of the lake's waters. To mitigate the negative impacts associated with development, many jurisdictions across North America and elsewhere have developed a suite of constructionphase stormwater management (CPSWM) guidelines, which entail the use of onsite best management practices that capture, detain, and treat sediment-laden surface runoff. Here, we review CPSWM guidelines for effluent discharge and receiving water quality and discuss the relative strengths and weaknesses of each approach. Finally, proposed revisions to the current Ontario guidelines are suggested based on a combination of field observations at predevelopment and active construction sites, as well as the reviewed literature. If adopted, the proposed revisions would help to reduce sediment transport from construction sites in rapidly urbanizing areas such as Lake Simcoe.
Introduction
The Lake Simcoe Basin (the Basin), a 3300 km 2 watershed in southern Ontario, Canada, is currently undergoing rapid development. The Ontario Ministry of Infrastructure's Growth Plan for the Greater Golden Horseshoe (2012) estimates a 184% increase in population by 2031 within the constituent municipalities of the Lake Simcoe region, increasing the current population from 400 000 to 632 000 over this time. This translates to an increase of ~8000 people per year, or the construction of ~2000 new homes per year, which poses a serious challenge because construction sites are environments conducive to elevated rates of erosion. Rates of soil erosion up to 200 times greater than background levels are common, with rates up to 40 000 times those of predevelopment conditions previously reported (Harbor 1999 , USEPA 2005 . Johnson and Nicholls (1989) indicated that sediment-bound phosphorous loading to Lake Simcoe stemming from human activities within the Basin is largely responsible for current eutrophication problems, including the ongoing issue of nuisance algal growth (Winter et al. 2007 ). The rapid expansion of urban areas within the Basin, coupled with the elevated rates of soil erosion typical of construction sites, underscores the need for improved construction-phase stormwater management (CPSWM) regulations if the waters of Lake Simcoe are to be protected. While our work monitoring construction sites has been conducted in the Lake Simcoe Basin, there are numerous areas throughout Ontario where development is occurring rapidly. As such, the recommendations presented herein are proposed for the benefit of all of Ontario.
We define CPSWM as the "knowledge of stormwater systems that is used in the development of a management plan aimed at reducing the impacts of construction on stormwater quality and quantity" (Wanielista and 1993, Gharabaghi 2004, USEPA 2012a) . Guidelines consist of benchmark criteria, performance or otherwise, that CPSWM plans are designed to achieve. One of the most common quality metrics used to assess CPSWM performance is the analysis of total suspended solids (TSS), as well as its surrogate parameter, turbidity (Earhart 1984) .
As a measure of the attenuation or scattering of a light beam by particulate and dissolved solids and sediment within a water column, turbidity has the potential to serve as the most direct surrogate measure of suspended solids within a water column. The suitability of using turbidity as an alternative measure to estimate TSS levels in riparian ecosystems and lakes has been investigated extensively (Finlayson 1985 , Halfman and Scholz 1993 , Lewis 1996 , Packman et al. 1999 , Warner and Sturm 2002 , Pavanelli and Bigi 2005 , Taleban et al. 2009 ). Commonly defined in terms of nephelometric turbidity units, (NTU), turbidity is not only quicker and cheaper to measure than TSS, but it also yields less error than other surrogate parameters (Earhart 1984 , Lewis 1996 .
The relationship between TSS and turbidity tends to be site or region specific due to the influence of several factors, including particle size distribution (PSD), particle shape and angularity, or the presence of dissolved organics (Lloyd 1987 , Lewis 1996 . Anderson and Potts (1987) found that the TSS-turbidity correlation in several Montana (USA) streams varied from ~1:1 to 1:10, depending on the upland soil characteristics of disturbed logging sites. Our monitoring activities carried out on construction sites in the Lake Simcoe Basin suggest that the TSS-turbidity relationship is ~1:1 for areas having sandy loam soils. If turbidity is to be used as a surrogate parameter to monitor the overall efficacy of onsite best management practices (BMPs), some initial calibration work must be carried out to determine the relationship between TSS and turbidity. Despite these limitations, turbidity is still the parameter of choice around which many regulatory frameworks are based.
A myriad of CPSWM regulations have been developed and suggested for adoption by a broad range of agencies representing all levels of government. We present a series of water quality criteria from a representative cross section of existing guidelines and discuss the merits of each. The strengths and weaknesses of each criterion are evaluated as they would apply to Ontario, and a preferred guideline structure is recommended.
Types of water quality criteria and their basis
When discussing CPSWM guidelines, it is important to distinguish between effluent discharge guidelines (EDGs) and receiving water quality guidelines (RWGs). EDGs apply to the quality of water being discharged from a construction site and are regulated by several mechanisms, whereas RWGs tend to be broader in scope and include a broad range of consumptive uses (e.g., fishing, bathing). RWGs are typically also measured downstream at a predetermined mixing distance (Environment Canada 1976 , USEPA 2012b ).
Effluent discharge guidelines
Effluent discharge guidelines apply to the quality of water being discharged from a construction site (end-of-pipe measurement), and frequently incorporate some kind of numeric limit. For example, before being stayed in January 2011, the US Environmental Protection Agency (USEPA) Final Rule on the numeric limit for the turbidity of construction site effluent discharge was 280 NTU (USEPA 2012c) . Under this regulation, all construction sites >4 ha would have been required to meet an effluent water quality standard of no more than 280 NTU (USEPA 2012c) . Of note, this ruling applied only as a minimum standard, and state or other agencies were still allowed to set more stringent standards as deemed necessary. Petitions brought forward by groups like the National Homebuilders Association (USA) questioned both the methodology used to calculate the numeric limit of 280 NTU and also the validity of information available to the USEPA on the performance of onsite erosion and sediment controls, and for these major reasons, the rule was stayed in 2011 (USEPA 2012c) .
In Ontario, the Ontario Ministries of the Environment and Natural Resources (OMOE and MNR) have implemented a performance-based EDG for all end-of-pipe controls (stormwater management [SWM] ponds) requiring 80% (OMOE) or 90% (MNR) removal efficiency of sediment, applied to all particles >40 μm, with percentages calculated on a mass loading basis (MNR 1989 , OMOE 2003 . Mass loadings are computed by multiplying the event mean concentration by the total volume of runoff from a storm event (Charbeneau and Barrett 1998) . The MNR guidelines dictating 90% removal efficiency are applicable to active construction sites, while the 80% OMOE guidelines are meant to curtail sedimentation in post-development, stabilized catchments.
Despite not being directly applicable to active construction sites, the OMOE guidelines have been included in this review because they underscore the increasingly important role that sediment ponds now play in many regions with advanced stormwater regulations, including Ontario (OMOE 2003 , Tixier et al. 2011 . The sediment and stormwater pond performance standards outlined in both the MNR and OMOE documents are similar in their structure and hence are well-suited for this review. The Better management of construction sites to protect inland waters Inland Waters (2013) 3, pp. 167-178
City of Toronto and many neighbouring municipalities have also included the 80% removal efficiency target on a long-term annualized (post construction) loading basis, and this appears in Toronto's Wet Weather Flow Management Guidelines (City of Toronto 2003 Toronto , 2006 .
The role of sediment ponds in SWM within the Province of Ontario was reaffirmed in 2003, when the OMOE updated its Stormwater Planning and Design Manual. The updated guidelines better reflected the "state of the art" of many SWM systems and included the results of relevant research and modeling projects; however, these guidelines suffer from several weaknesses that are discussed in the "Challenges" section below. Recognizing the limitations of the end-of-pipe approach used in EDG, many agencies in Ontario have begun to shift SWM controls to upland areas and are actively encouraging the use of behavioural BMPs like phased land clearing and a multibarrier treatment train approach to SWM (GGHCA 2006) . Shifting the focus of erosion and sediment control to upland areas within an urbanizing catchment will encourage developers to address the issue of source control; looking at the application of BMPs in areas upstream of the stormwater pond will reduce erosion where it starts, leading to a subsequent decline in sediment loading to the stormwater pond (GGHCA 2006 , Rickson 2006 .
In the United States, the Washington State Department of Ecology (WSDE) has also released an EDG. The Stormwater Management Manual for Eastern Washington states that construction sites must achieve a minimum of 80% removal of TSS for influent concentrations that are between 100 and 200 mg L −1
. Influent concentrations are to be measured at the inlet or upstream end of any BMP that discharges directly into a receiving watercourse (WSDE 2004 , WSDOT 2010 . This performance requirement applies regardless of particle diameter and the type of BMP used. The Eastern Washington guidelines are applicable only in those instances were influent TSS concentrations are as high as 200 mg L
, the state has the ability to negotiate higher removal efficiencies on a permit-by-permit basis (WSDE 2004) . While field verification of the performance of erosion and sediment controls is possible, the manual notes that erosion control planners are instead required to follow design standards to achieve the target removal efficiency, unless site-specific circumstances dictate otherwise (WSDE 2004) .
The inclusion of concentration-threshold based guidelines in the WSDE criteria distinguishes them from the Ontario regulations, which still rely heavily on end-of-pipe control. The adoption of a guideline by Ontario similar to that developed by the WSDE, which utilizes a combination of source control in upland areas and the use of a negotiating mechanism, would do much to remove the disincentive to control erosion upstream of the stormwater control inlet (MNR 1989 , OMOE 2003 . The move toward source control can be seen implicitly in Wisconsin, where the Department of Natural Resources has published a performance-based EDG specifying that all onsite BMPs must achieve suspended sediment removal rates of 80%, coupled with the criterion that soil erosion rates from typical construction sites be limited to 11.2 tonnes ha −1 yr −1 (WDNR 2012) . In the rapidly developing growth areas situated in the Lake Simcoe Basin, shifting the focus to erosion control in upland areas would help control sediment at its source and protect receiving waters downstream of any construction site.
One important shortcoming of the criteria put forth by some governing bodies is that they are often built around one overriding or "magic" number that is intended to be applied to a diverse array of conditions. The Canadian Council of Ministers of the Environment (CCME) has recognized that turbidity across the country is variable, and that any guidelines should reflect such regional variability (CCME 1999) . Similarly, the Australian Department of Sustainability has placed no upper limit on discharge turbidity from regulated construction and road development activities because it recognizes the extreme variability of turbidity and TSS within the waterways falling under its jurisdiction (ADSEWPC 2006) . The state of California (USA) has created discharge turbidity guidelines that are region-or jurisdiction-specific (CEPA 2011) . This underscores the importance of addressing sitespecific variability when promulgating any sort of EDG.
Receiving water guidelines
In contrast to end-of-pipe guidelines, RWGs tend to consist of criteria based on changes in the water quality of a receiving body. Although these guidelines are frequently developed as threshold criteria for healthy streams, they also tend to incorporate information pertaining to the natural variability of water quality from changes in flows, in addition to changes occurring as a result of an upstream discharge (CCME 1999) . Some guidelines, like those adopted by California's State Water Resources Control Board USA; Table 1 ), consider ambient aquatic conditions when assessing impacts on receiving streams but are tailored to specific areas within the state (CEPA 2011) . Similar guidelines exist for the state of Alaska (USA; Table 2 ) where criteria are based on the protection of salmonid species, which are invaluable to the state's recreational and tourist industries (ADEC 2008 ). Alaska's guidelines were published under the auspices of the Integrated Water Quality Monitoring and Assessment Report (ADEC 2008) .
Still other receiving water quality guidelines, like those adopted by the state of Idaho's Department of Environmental Quality, consider not just the magnitude of an increase above background conditions, but also the duration of the exceedance (IAC 2011) . Like most of the other CPSWM strategies summarized in this paper, the Idaho guidelines are tacitly linked to biological criteria (IAC 2011) . For example, James and Graynoth (2002) found that, in the context of fish vitality and foraging behaviour, the duration of an exceedance is nearly as important as the magnitude of the exceedance itself, a finding confirmed by other researchers (e.g., Lloyd 1987 , Servizi and Martens 1992 , Birtwell et al. 2008 at which the effect should be measured, which is directly applicable to construction sites (WSDOT 2010) . This is important because it takes into consideration the presumed distance required for mixing and quality homogenization to occur under different flow regimes in situations where construction site stormwater effluent exists.
Receiving water quality guidelines for countries other than the United States also exist. For example, Japan has numeric limits for changes to receiving water quality. The Japanese regulations are tailored to the sensitivity of the receiving waterbody via a classification system that considers the susceptibility of the species present (and by proxy, their commercial value). The RWGs for all Class II and Class III fisheries in Japan state that for the protection of aquatic life, average daily increases in TSS concentration >25 mg L −1 are prohibited. Note that like many jurisdictions in Canada and the USA, the Japanese criteria apply to aquatic habitat protection only, and separate legislation exists with respect to the protection of human recreational and consumptive interests (Japanese Ministry of the Environment 2011).
CPSWM regulations and guidelines in Canada
The examples presented above illustrate a range of approaches used to quantify CPSWM performance. In Canada the situation has not been static; all levels of government-municipal, provincial, and federal-have proposed CPSWM criteria of various forms. In some instances their derivation has been based on particular species of interest within a reasonably well-defined geographic area (with "interest" being closely aligned with economic value ; CCME 1999 , BCMOE 2005 .
We noted earlier that the City of Toronto has adopted a minimum performance-based requirement for end-of-pipe controls, and until recently the City of Calgary had similar performance-based regulations (City of Calgary 2000, City of Toronto 2003 Toronto , 2006 . Before their update, the City of Calgary's regulations were far less stringent than those currently employed in Ontario because they mandated 80% removal of all particles >75 μm (City of Calgary 2000). Assuming that the particles of interest are spherical in nature (perhaps a poor assumption when dealing with small silt and clay particles), Stokes' Law can be applied to calculate the relative settling velocities of 75 and 40 μm particles. The fall velocity of a 75 μm particle is 3.5 times greater than that of a 40 μm particle, a difference that can play an important role when designing sediment ponds on construction sites based on a predefined residence time and removal efficiency. The former Calgary guidelines thus yielded an inflated performance value for a given pond size due entirely to the reduced residence time required to settle 75 μm particles and as such, were overdue for revision. The updated guidelines now contain a provision noting that effluent water quality should have turbidity <50 NTU, and if we apply the findings of Anderson and Potts (1987) , the discharge suspended , which is considered to be a marked improvement (City of Calgary 2011).
Moving up the jurisdictional ladder, we were unable to find any clear pattern of guideline development or regulatory coordination among the provinces in terms of effluent or receiving water quality guidelines. The Eastern provinces (Newfoundland and Labrador [NFL], Nova Scotia, New Brunswick, and Prince Edward Island ) as well as Saskatchewan all have various laws pertaining to water quality, with most of the emphasis being placed on drinking water quality standards. Currently, NFL have no laws governing increases in turbidity over background conditions for any instances concerning aquatic life (NDEC 2011) ; however, turbidity is currently being measured at numerous points across the province, and results are being compared to published CCME guidelines. Because surface waters in NFL frequently have turbidity readings close to zero, the province has concerned itself with other water-related matters, such as the management of arsenic in drinking water (NDEC 2011 ; note that, until recently, the pace of development in the province has been slow to nonexistent).
The Manitoba guidelines (Table 3 ) outlined in the 2002 Water Quality Standards, Objectives and Guidelines document are based largely on work by the USEPA and the British Columbia Ministry of Environment (BCMOE; Manitoba Conservation 2002) . Chiefly, their receiving water quality objectives are based on the premise that aquatic environments can withstand some temporary degree of stress and still recover. As such, their objectives incorporate a frequency element that stipulates how often exceedances can occur, in addition to their allowable magnitude above background levels.
Alberta's approach, which involves the application of an RWG, simply states that for the protection of aquatic organisms, suspended sediment levels should not increase by more than 10 mg L −1 above background levels, irrespective of ambient concentrations (Alberta Environment 1999) . This represents the minimum provincial standard, and municipalities like the City of Calgary, as noted earlier, are still able to set more stringent guidelines.
Due in large part to the high profile of coldwater salmonid fisheries, the province of British Columbia (BC) has some of the most comprehensive water quality protection guidelines in all of Canada. In 1997, the BC government sought to establish province-wide standards that would serve as specific targets for managing changes in suspended sediment concentrations, turbidity, and streambed substrate composition resulting from human activities. The resulting RWGs from this concerted effort are an example of the "sliding scale" approach to CPSWM, albeit with some features that are uniquely tailored to the fisheries concerns specific to the region (BCMOE 2005) . The sliding scale approach to CPSWM incorporates not only the magnitude of a disturbance, but also its duration, and this flows logically from observations published in the literature (e.g., James and Graynoth 2002) . The BC guidelines (Table 1) are based largely on information and recommendations from the CCME, and because they employ a variant of the sliding scale approach they consider not just the severity of an exposure but also its duration.
The BC guidelines (Table 1 ) are applicable to any human activities that may alter water quality conditions. Ideally, the province recommends that measurements taken as part of a short-term exceedance monitoring period (e.g., 24 h) be taken once every hour, while long-term exceedances (e.g., 30 d) have measurements taken once per day. Obviously, this last point strongly suggests a need for monitoring; not just of pre-and postdevelopment conditions, but also of runoff-generating events that occur during the construction phase. The ramifications of this last point are summarized under the Challenges section below. Moving up to the federal level, the CCME further separates receiving water impacts into conditions where high and low flow conditions exist, and these guidelines also incorporate the length of time elevated conditions exist as a weighting factor. This sliding scale approach effectively considers both TSS concentration and the duration of exposure as a function of ambient conditions, and similar guidelines exist for turbidity (Table 4) .
One variant of the CCME guidelines has been critically evaluated by the Toronto Region Conservation Authority (TRCA) in their monitoring of sediment pond performance in the Greater Toronto Area (TRCA 2006) . These guidelines, which consider both concentration and duration of exposure, were evaluated as part of the Sustainable Technologies Evaluation Program and were applied to an active construction site in the Markham area (Gharabaghi et al. 2006 ; Fig. 1 ). The concentration-duration criteria evaluated by the TRCA were selected based on their compatibility with the water quality protection requirements needed for the preservation of a particular species at risk within the TRCA's jurisdiction (MNR 2011) . The redside dace (Clinostomus elongates) has been listed as provincially and nationally endangered under the 2007 Endangered Species Act and is protected within Ontario by the province's Fishery Regulations (MNR and ROM 2011) . The MNR draft document for the protection of redside dace states that, in areas where present, suspended sediment concentrations in construction site effluent should not exceed 25 mg L −1 (MNR 2011 ). Finally, the CCME guidelines also contain suggested values and recommendations for various contaminant and Better management of construction sites to protect inland waters Inland Waters (2013) 3, pp. 167-178 oxygen levels within benthic sediments, which have been considered by the BCMOE to be better indicators of aquatic health and the minimum requirements necessary for the protection of sensitive aquatic species than either TSS or turbidity in certain limited instances (CCME 1999 , BCMOE 2005 ).
Challenges associated with various CPSWM criteria and recommendations for Ontario
Despite its relative brevity, this review illustrates the myriad of CPSWM guidelines, criteria, and objectives (the various terms pertaining to differing levels of stringency with respect to application) currently being developed at the municipal, provincial/state, and national levels. Guideline development in different regions is typically based on minimum quality standards required for the preservation of sensitive aquatic species unique to each area. Many are based on the protection of trout and/ or salmonid species, however, or at the very least use studies done on these species as an underpinning (Lloyd 1987, James and Graynoth 2002) . The various criteria suffer from one shortcoming or another, although some do more to protect important aquatic species.
Currently, the MNR 90% removal efficiency (or performance-based) criterion falls short of protecting the integrity of aquatic environments. As noted earlier, the requirement to remove only a percentage of incoming sediments entering stormwater ponds can serve as a disincentive to curb accelerated rates of upland erosion.
Placing heavy emphasis on the performance of end-of-pipe controls makes the protection of aquatic ecosystems of secondary importance, especially when developers and site contractors can be held legally and financially liable when these systems fail to comply. This can in turn create an environment where developers seek to maximize the inflated removal efficiencies that can be obtained when larger particles are transported by either rill or gully erosion to the pond inlet. Our own research conducted in conjunction with the TRCA has shown that, even with well-designed end-of-pipe controls, the sheer magnitude of uncontrolled upland erosion leads to pond outlet TSS concentrations in excess of that deemed adequate for the protection of aquatic life (Fig. 1) , even when pond removal efficiencies approach 99% (Gharabaghi et al. 2006) . As such, an alternative to the current Ontario guidelines must be sought if CPSWM within the province is to be advanced and vulnerable, rapidly urbanizing areas like those of Lake Simcoe are to be protected and restored (Evans et al. 1996) .
Before recommending a revised strategy for water quality criteria to support CPSWM in Ontario, further discussion of the challenges associated with even some of the most progressive guidelines is merited. While the WSDOT RWG include information about how far downstream changes above ambient conditions are to be monitored (Table 2) , such a stipulation was not found in an extensive review of other RWGs. In specific instances, the WSDOT has disregarded its own criteria and measured downstream changes in turbidity at distances of more than 600 m from the source, which is over 6.5 times the 
10%
Once every 3 yr Table 3 . Receiving water quality guidelines for Manitoba, Canada. event was characterized using the turbidity and flow data. When applying the concentration-duration guidelines, our data suggest that the impact of such agricultural areas is nonnegligible (Gharabaghi et al. 2006 , MNR 2011 .
Natural Condition Duration
One potential way to circumvent this problem is to monitor water quantity and quality at the outlet of a construction site and to compute what the relative contribution of the source would be via a mass balance approach; however, this solution essentially negates the idea of RWGs, and the monitoring program becomes one of effluent discharge enforcement. Finally, many RWGs require monitoring above that necessary for the implementation of EDGs. RWGs require not only some level of background monitoring, but also continuous monitoring of water quantity and quality at both the upstream and downstream ends of an effluent discharge point, which would invariably add extra cost and burden to the monitoring program. RWGs also make it easier for potential violators to avoid penalties because their contribution to waterborne pollution can be masked among the incremental contributions of other sources within the system.
Because these challenges can be applied to virtually any RWG, including those promulgated by the states of California and Alaska, BC, CCME, and other groups, it seems that an EDG may be the preferred type of guideline for Ontario for a number of reasons. Because Ontario (through the OMOE) is already using a variant of an EDG, the transition to more stringent regulations becomes less difficult from both a conceptual and enforcement perspective. Furthermore, EDGs are well-suited to end-of-pipe monitoring and have far less ambiguity associated with mixing conditions, ambient concentrations, seasonality (changing restrictions arising from spawning activities), and other confounding factors. This is in addition to what are likely to be reduced costs and, almost certainly, reduced data acquisition volume and complexity of interpretation resulting from the monitoring of only one location. We believe that both costs and data complexity will be reduced because mixing distances and riverine flows do not need to be computed under such a scheme, and data collection could be limited to that required to demonstrate pond performance and to compute representative, seasonal influent suspended sediment concentrations.
After close scrutiny of the relevant literature, the most promising guideline, at least in terms of structure, may be the WSDE (2004) guideline (Table 5 ). The WSDE document states that construction BMPs should remove at least 80% of the incoming suspended sediments when concentrations are between 100 and 200 mg L , and that the state can negotiate higher performance rates on a site permit when TSS concentrations are above this level. It recommended distance, even under the highest flow condition specified within the regulation (United States Department of Interior 2010).
We found that many RWGs fail to recognize the ambient quality of receiving waters. An allowable 25 NTU increase for a period of 10 d or more would do little to mitigate the chronic exposure effects felt by many sensitive coldwater species, such as brook trout (Salvelinus fontinalis), especially during spawning periods (Lloyd 1987, Newcombe and MacDonald 1991) . This bears consideration for locations like Lake Simcoe where commercially important coldwater fisheries are in serious jeopardy and are currently the object of substantial restoration efforts (Winter et al. 2007) . Conversely, if the turbidity of receiving waters is high (especially during high flows resulting from large storms), it is questionable whether an instantaneous increase cap of 50 NTU can be realistically applied, or whether regulators can determine the cause of an increase with any degree of certainty. During high flows or wet weather conditions, the point and nonpoint sources are likely to be so numerous that it would be virtually impossible to apply such a law to construction sites. This problem becomes even more difficult when the issue of mixing distances is considered; if RWGs are applied at distances of 90 m downstream, as in the case of the WSDOT regulations, it becomes increasingly difficult to ascertain whether an exceedance is the result of a point discharge from a construction site or the cumulative effect of multiple point and nonpoint sources over the entire mixing distance.
Our monitoring of an agricultural subwatershed in the Lake Simcoe Basin from June 2009 to October 2011 suggests that locations alongside construction sites undergoing typical farm management practices can contribute substantial amounts of sediment to the receiving water, thereby hindering the estimation of loads contributed by sites governed by CPSWM policy (Fig. 1) . The areas in question, Cookstown and Alcona (Fig. 1) , were slated to be developed shortly after monitoring was initiated. The background data collected suggest that even areas undergoing conservation tillage practices can have a moderate impact, according to the application of the MNR (2011) guidelines, when both the concentration and duration of sediment-generating events are considered. This makes the proposition to utilize any RWG coupled with a mixing distance dubious at best.
The suspended sediment data ( Fig. 1) were derived using a combination of automated grab samples collected via autosamplers at 10 min intervals coupled with flow measuring equipment and turbidity sensors collecting turbidity data at 2 min intervals. While the discretely collected water samples were used to derive and validate the TSS-turbidity relationship, which was ~1:1, the entire Better management of construction sites to protect inland waters Inland Waters (2013) 3, pp. 167-178 also states that for any influent suspended sediment concentration <100 mg L −1
, the BMP of concern should have an effluent suspended sediment concentration no ≤20 mg L −1 . These criteria, although reminiscent of the sliding scale approach, embody a simple yet effective guideline that strikes a balance between the maintenance of environmental integrity and enforceability. More specifically, such a guideline can be applied to an end-of-pipe control, like a sediment pond, while at the same time shifting the emphasis of the erosion and sediment control plan to upland source control and behaviour-oriented management practices. This approach requires the use of 2 qualifiers: 1.
"80% removal for all influent TSS concentrations between 100 and 200 mg L −1
." This first caveat essentially maintains the Ontario status quo of a performance-based (80%) removal efficiency guideline. However, the relatively narrow influent concentration range emphasizes the removal efficiency of individual BMPs instead of explicitly stating that it is for a pond, which makes controlling sediment close to the source more appealing to developers. Individual BMPs are implicitly emphasized because single, end-of-pipe controls are frequently expensive to effectively operate and maintain, or because their ability to effectively reduce suspended sediment concentrations to meet the proposed guidelines is lacking (e.g., TRCA 2006) . This criterion still encourages enhanced pond performance, and at the same time encourages greater effort on upland source control.
2.
"In instances where influent TSS concentrations are >200 mg L −1
, the regulator may specify an alternative performance guideline." This second caveat works in much the same way as the first in that it also encourages source control rather than end-of-pipe control. Faced with enhanced end-of-pipe performance requirements, developers will undoubtedly work to reduce upland source erosion to keep influent TSS concentrations below the 200 mg L −1 threshold to avoid greater jurisdictional scrutiny. These 2 caveats also address the complexities associated with ambient conditions and sensitive aquatic species. If background TSS/turbidity levels are naturally high, the need to maintain effluent quality at some arbitrarily low standard is all but eliminated, which in turn eases any undue hardship that might be placed on developers. At the same time, this approach will help to preserve many of the desirable quality characteristics likely to exist in relatively clear systems. As a counterpoint to the idea that developers will not be expected to maintain pristine conditions where none exist, the observation that the proposed guidelines will help uphold a higher water quality standard places the onus of optimizing onsite CPSWM controls on developers. Furthermore, if the regulator can negotiate removal efficiencies beyond a minimal level, then sensitive aquatic species can be protected via the flexibility afforded by the second caveat, circumventing the need to unfairly apply a strict, aquatic-based criterion across the board, except in those instances where it is truly warranted (i.e., when sensitive species are actually known or likely to be present).
Based on our monitoring of active construction sites around Lake Simcoe, we believe that such a guideline would improve the water quality characteristics of effluent discharging from these locations; however, we also recognize the limitations and challenges associated with the monitoring of onsite erosion and sediment control performance, whether by effluent sampling for suspended sediments or turbidity. The application of the proposed EDG becomes difficult when multiple sites require monitoring, when sites lack a single convenient monitoring location such as a sediment pond outlet, or when sites are small enough that runoff quantity and quality measurements pose a substantial challenge. This could be problematic for the rapidly urbanizing areas around Lake Simcoe where there are multiple active construction sites of varying size and a growing use of low impact development technologies, which may result in multiple stormwater discharge locations for a given site. To address these challenges, more research is required. In particular, data are needed on the typical removal efficiencies for a variety of erosion and sediment controls over a range of influent suspended sediment concentrations, and design standards allowing these controls to meet the proposed CPSWM guideline must be developed. Regulators and developers could then apply these standard designs to the erosion control plan for a construction site, allowing them to focus limited field monitoring resources on projects occurring in priority areas, such as where species at risk may be present or past violations have occurred.
While this approach is not without limitations, they are minimal when compared to many of the RWGs, and especially when compared to Ontario's current regulations. Shortcomings of the proposed regulatory framework include requiring revised design standards, monitoring, reporting, and enforcement, all of which have associated costs, but so too does environmental degradation.
Additional research is also required to improve our current understanding of the performance of many end-of-pipe controls, including stormwater ponds. Hydrodynamic modelling and field data collection are required to better understand sediment transport and capture within these facilities, including the nature of the role that baffles, forebays, and other structures play. A major strength of the proposed approach is that greater emphasis is placed on source control, which acts to reduce the problem where it starts. This has a series of secondary benefits including enhanced soil conservation, preservation of soil fertility, and the protection of receiving waters, in addition to the cost savings resulting from reduced sediment pond maintenance. For Lake Simcoe, keeping sediment out of receiving streams will help curb phosphorous loading to the Lake, thereby helping to achieve the target end-ofsummer hypolimnetic oxygen concentration of 7 mg L −1 deemed necessary for the survival of key coldwater fish species (Johnson and Nicholls 1989, Winter et al. 2007) .
If Ontario intends to protect the environment and take a balanced approach to development in high growth areas like Lake Simcoe, the current guideline must be improved. The alternative approach recommended here does not represent a paradigm shift, however; it simply seeks to close some of the gaps in the current framework. Chiefly, the proposed criteria shift the emphasis from end-of-pipe control to upland (source) control through the employment of the 2 aforementioned caveats.
